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Hypothermic  fatalities  in  humans  are  characterized  by  a  range  of  often  subtle  pathological  findings  that 
typically  include  superficial  erosive  gastritis  (Wischnewski  spots).  Experimental  studies  have  been 
successfully  performed  using  animal  models  to  replicate  this  finding,  however  study  animals  have 
inevitably  been  subjected  to  a  variety  of  additional  stressors  including  food  deprivation,  restraint  and 
partial  immersion  in  water  while  conscious.  As  it  is  recognised  that  stress  on  its  own  may  cause  su¬ 
perficial  erosive  gastritis,  a  model  has  been  developed  to  enable  the  study  of  the  effects  of  hypothermia 
in  isolation.  42  Sprague-Dawley  rats  were  allowed  free  social  contact  and  were  fed  and  watered  ad 
libitum  prior  to  being  anaesthetized  with  isoflurane.  Once  unconscious,  rats  were  placed  on  drape  cloth 
covering  metal  mesh  platforms  in  a  styrofoam  box  packed  with  ice.  The  apparatus  enabled  both 
maintenance  of  a  specific  low  temperature  (26  °C)  in  14  animals,  and  continued  reduction  of  core 
temperatures  in  the  remaining  28  (who  all  died  of  hypothermia  under  anaesthesia).  Examination  of  the 
gastric  mucosa  in  both  groups  macroscopically  and  microscopically  failed  to  demonstrate  typical 
Wischnewski  spots  in  any  of  the  42  animals.  Thus,  in  this  model,  death  from  hypothermia  occurred 
without  the  development  of  these  lesions.  These  results  suggest  that  stress  may  be  a  significant  effect 
modifier  in  the  development  of  Wischnewski  spots  in  lethal  hypothermia. 

©  2013  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

Hypothermia  in  humans  refers  to  a  situation  where  the  core 
temperature  has  fallen  to  less  than  35  °C.  The  causes  of  such  a 
reduction  in  body  temperature  are  quite  diverse  and  involve  both 
external  factors,  such  as  exposure  to  low  environmental  tempera¬ 
tures,  and  internal  factors,  related  to  diseases  that  interfere  with 
normal  thermoregulation.1-5  Death  may  occur  when  the  core 
temperature  falls  below  26-29  °C,  and  usually  results  from  cardiac 
arrhythmias.2,3 

The  diagnosis  of  hypothermia  may  be  difficult,  as  core  and 
environmental  temperatures  at  the  death  scene  are  usually  not 
available,  unless  a  pathologist  has  attended.6  Thus,  subtle  (and 
nonspecific)  markers  at  autopsy  such  as  pink  discolouration  of 
the  skin,  pancreatitis,  and  pulmonary  oedema  are  often 
sought.  Although  not  considered  pathognomonic  of  hypothermia, 
Wischnewski  spots  in  the  gastric  mucosa  are  regarded  as  the  most 
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reliable  indicator  of  significantly  reduced  core  temperatures.2-4,7 
However,  the  underlying  mechanisms  for  the  development  of 
these  pathological  changes  remain  poorly  understood1  and  their 
pathogenesis  has  been  attributed  to  disturbances  in  tissue  micro- 
circulation  with  ischaemic-reperfusion  injury,  the  actions  of  tissue 
amines,  and  the  breakdown  of  haemoglobin.3,8-11 

An  additional  factor  that  has  been  proposed  in  the  pathogenesis 
of  Wischnewski  spots  is  stress7,9,12  and  animal  models  using  rats 
have  been  developed  to  help  assess  this  association.  Landeira- 
Fernandez  found  that  rats  that  were  conscious  and  exposed  to 
cold  water  stress  developed  the  most  severe  gastric  lesions.  This  led 
the  authors  to  suggest  that  it  is  the  integrity  of  the  higher  order 
processing  systems  that  plays  an  important  role  in  the  develop¬ 
ment  of  gastric  ulceration  during  cold  exposure.13  Vincent  et  al. 
reported  that  decreasing  stress  by  providing  access  to  a  biting 
mechanism  during  cold  exposure,  counteracted  the  effects  of  hy¬ 
pothermia,  with  rats  showing  fewer  and  smaller  gastric  lesions.14 
Goldman  and  Rossof  were  able  to  produce  gastric  mucosal  ulcers 
in  an  experiment  that  did  not  expose  rats  to  cold  temperatures,  but 
instead  stressed  them  by  fasting  and  immobilizing  them  in  wire 
mesh  for  up  to  20  h15  While  these  studies  suggest  that  stress  may 
be  a  significant  factor  in  the  development  of  superficial  gastric 
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erosions,  it  remains  unclear  whether  Wischnewski  spots  may  be 
caused  by  stress  alone,  a  combination  of  stress  and  hypothermia,  or 
from  pure  hypothermia. 

As  previous  studies  have  stressed  rats  by  depriving  them  of  food, 
exposing  them  to  cold  water  or  immobilizing  them,1  it  was  decided 
to  develop  a  stress-reduced  animal  model  that  could  be  used  to 
more  carefully  evaluate  the  pathological  effects  on  the  gastric 
mucosa  of  pure  hypothermia. 

2.  Materials  and  methods 

42  male  Sprague-Dawley  rats  (21  young  -  3  months,  and  21 
aged  -  8-24  months)  were  used.  The  two  age  groups  were  chosen 
in  case  age  had  a  significant  effect  on  the  pathological  outcome. 
Males  were  chosen  as  they  are  more  vulnerable  to  the  effects  of 
cold  than  females.1617  The  rats  were  allowed  unrestricted  social 
contact  and  were  fed  and  watered  ad  libitum  prior  to  the  study.  The 
rats  were  handled  infrequently  and  gently,  and  anaesthetized  in  an 
induction  chamber  using  a  Stinger®  machine  with  an  oxygen  flow 
rate  of  1  L  per  minute  and  4-5%  isoflurane.  The  latter  rate  was 
decreased  to  approximately  2-3%,  and  then  to  1%  during  the  pro¬ 
cedure  to  sustain  deep  sleep  while  not  significantly  depressing 
respiration.  Once  unconscious,  the  rats  were  placed  on  a  drape 
cloth  which  covered  metal  mesh  platforms  in  a  styrofoam  box 
packed  with  ice.  The  animals  were  surrounded  by,  and  in  contact 
with,  ice  but  were  not  covered,  to  enable  visual  monitoring  of  their 
breathing  and  heart  rate  (Fig.  1).  The  state  of  consciousness  was 
monitored  by  assessing  foot  reflex  for  the  entire  procedure.  A  rectal 
temperature  probe  (Maverick®  ET-7  wireless  thermometer)  was 
inserted  3  cm  into  the  rectum  of  each  rat.  Core  body  temperature 
was  recorded  initially  and  then  at  five  minute  intervals. 

An  initial  study  was  performed  to  develop  the  animal  model.  In 
this  part  of  the  procedure  14  animals  were  placed  in  the  ice  boxes 
and  removed  once  core  temperatures  dropped  below  26  °C.  They 
were  then  placed  on  a  bench  top  to  be  stabilized  with  polar  fleece 
blanket  “sleeping  bags”  that  had  been  specially  designed  for  the 
procedure  (Fig.  2).  The  sleeping  bags  enabled  the  core  temperatures 
to  stabilize  at  around  25-26  °C  for  the  remainder  of  the  procedure. 
The  anaesthetized  rats  were  euthanized  by  cervical  dislocation 


Fig.  2.  In  the  initial  part  of  the  study  to  develop  the  model  14  rats  were  removed  from 
the  ice  boxes  once  their  core  body  temperatures  had  dropped  to  26  °C  and  were  then 
stabilized  in  polar  fleece  sleeping  bags  at  around  25-26  °C. 


after  120  min.  Having  established  the  model,  the  second  part  of  the 
procedure  consisted  of  lowering  the  core  temperatures  to  ~10  °C 
in  the  remaining  28  rats,  resulting  in  death  of  the  animals  under 
anaesthesia  at  variable  times  from  120  to  240  min.  The  animals 
were  then  subjected  to  necropsy  with  immediate,  and  later 
microscopic,  examination  of  the  gastric  mucosa.  This  study  was 
fully  approved  by  the  Animal  Ethics  Committee  at  The  University  of 
Adelaide. 

3.  Results 

The  rate  of  fall  of  rectal  core  temperatures  in  the  42  rats  is 
shown  in  Fig.  3.  There  were  no  significant  differences  in  the  decline 
in  core  temperatures  between  the  two  age  groups  (young  vs  old) 
although  the  younger  animals  tended  to  survive  for  a  longer  time. 
Macroscopic  examination  of  the  gastric  mucosa  in  all  animals 
revealed  no  discernible  abnormalities  (Fig.  4).  Specifically  there  was 
no  evidence  of  Wischnewski  spots  in  the  gastric  mucosa  from  the 
14  rats  that  were  stabilized  under  anaesthesia  and  euthanised  at 
120  min.  Similarly  there  were  no  abnormalities  observed  on  macro- 
and  microscopic  examination  of  the  gastric  mucosa  from  the 


Fig.  1.  Two  anaesthetized  rats  placed  on  a  drape  cloth  covered  mesh  platform  in  a 
styrofoam  box  packed  with  ice.  The  animals  were  surrounded  by,  and  in  contact  with, 
ice  but  were  not  covered,  to  enable  visual  monitoring  of  their  clinical  status. 
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Fig.  3.  Decrease  in  average  core  body  temperature  over  time  of  21  young  vs  21  aged 
male  Sprague-Dawley  rats  exposed  to  cold  for  periods  of  2-4  h. 
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Fig.  4.  Excised  stomach  opened  to  show  the  gastric  mucosa  of  a  rat  exposed  to  hy¬ 
pothermic  conditions  for  4  h,  with  core  body  temperatures  reduced  to  below  10  °C.  No 
macroscopic  changes  are  evident. 

remaining  28  rats  that  died  of  hypothermia  under  anaesthesia 
between  120  and  240  min. 

4.  Discussion 


associated  with  both  stress  and  low  temperatures.  The  technique 
described  in  the  current  study  represents  a  consistent  and  repro¬ 
ducible  method  for  stabilizing  rats  taken  from  a  relatively  low 
stress  environment  at  low  temperatures  for  a  number  of  hours  so 
that  the  pathological  consequences  of  hypothermia  in  isolation  can 
be  evaluated.  The  absence  of  Wischnewski  spots  in  animals  that 
had  died  of  hypothermia  after  a  number  of  hours  of  being  exposed 
to  the  cold  provides  further  support  for  stress  being  an  import 
cofactor  in  the  development  of  these  lesions. 

Under-diagnosis  of  lethal  hypothermia  is  an  ever  present 
problem  in  many  forensic  practices.  This  may  occur  in  warmer 
climates  particularly  among  elderly,  socially-isolated  individuals 
who  live  in  poorly  heated/insulated  dwellings.6,19  It  may  also  arise 
due  to  the  lack  of  sensitivity  of  a  number  of  pathological  markers 
such  as  Wischnewski  spots.  Future  use  of  the  animal  model 
developed  for  this  study  may  enable  greater  understanding  of  the 
role  of  lowered  body  temperature  alone  as  an  initiator  of  the 
pathological  changes  noted  at  autopsy.  It  may  also  help  to  clarify 
the  contribution  of  stress  to  the  pathogenesis  of  markers  that  are 
relied  upon  so  heavily  by  pathologists  for  the  diagnosis. 
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As  noted  above,  hypothermia  may  be  a  difficult  diagnosis  to 
make  post  mortem.  Scene  features  such  as  low  environmental 
temperatures,  incapacitation  on  cold  floors,  paradoxical  undressing 
or  “hide  and  die”  behaviour  may  be  significant  clues,1,2  as  may 
conditions  such  as  diabetes  mellitus.18  However  pathological 
findings  that  may  be  relied  upon  for  diagnosis,  such  as  Wisch¬ 
newski  spots  (Fig.  5),  may  vary  considerably  in  their  incidence 
between  jurisdictions.1  Whether  this  depends  on  local  diagnostic 
practices  or  on  the  inter-action  of  a  variety  of  complex  factors 
remains  unclear. 

Although  an  age  related  vulnerability  to  the  development  of 
Wischnewski  spots  has  been  reperted,12  this  was  not  observed  in 
the  current  study.  The  vulnerability  to  the  effects  of  hypothermia 
with  increasing  age17  was,  however,  confirmed  (Fig.  3). 

Previously  in  the  literature,  a  number  of  studies  have  reported 
the  successful  generation  of  Wischnewski  spots  in  rodent  models 


Fig.  5.  Wischnewski  spots  in  the  gastric  mucosa  of  a  human  exposed  to  significant 
hypothermia  to  demonstrate  the  typical  appearance  of  these  lesions. 
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